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S U M M A R Y  

Z O O L O G Y  A N D  B O T A N Y  

MICR 0 S COPY, &c., 

OF UURRENT RESEARCHES BELATINQ TO 

(principally Invertebrata and Cryptogamia), 

INCLUDING ORIGINAL COXXUNICATIONS FROM FELLOWS AND OTHERS? 

ZOOLOGY. 
A. GENERAL, including Embryology and Histology 

of the  Vertebrata. 

Development of the Ovum of Arvicola arva1is.t-The following 
are the chief points of C. Eupffer’s investigation into the alleged 
reverEal of the positions of the germ-layers in certain Rodents. 

1. The ovum of the field-mouse forms a normal blastoderm, show- 
ing lamination in the region of the germinal disk, like the ovum of 
the rabbit. 

2. The peculiarities of the field-mouse’s ovum are caused by the 
covering-layer, which, instead of disappearing, as in the rabbit’s 
ovum, proliferates and forms a plug which invaginates the active pole 
of the ovum. I t  is this invagination, thus brought about by an 
accessory growth, which causes the apparent reversal of the germ- 
layers. 

3. With the exception of this invagination the course of develop- 
ment is normal. A complete yolk-sac is produced, and, judging by 
early stages, an amnion also, in the usual manner. 

4. The mesoderm appears in the neighbourhood of a swelling, 
which is formed at a point in the periphery of the area embryonalis, 
and is to be regarded as a csecal evagiuation of the ectoderm into the 
cavity of the yolk-sac. This swelling may with great probability be 
described as the commencement of the allantois. 

5. Although differences have already been known to exist between 
the field-mouse’s ovum, after assuming the cylindrical form, and the 
corresponding stage of the guinea-pig’s ovum, it may nevertheless be 
stated as certain that Bischoff was right in interpreting the whole of 
the structure which he termed “ plug ” or “ egg-cylinder,” as an ovum. 

* The Society are not to be considered responsible for the  views of the 
authors of the papers referred to, nor for the manner in which those views 
may be expressed, the maiu object of this part of the  Journal being to present a 
summary of the papers as actuatty published, SO as to provide the Fellows with 
a guide to the additions made from time to time to the Library. Objections and 
corrections should therefore, for the most part, be addressed to the authors. 
(The Society are not intended to be denoted by the editorial “ we.”) 

t SB. Math.-phys. K1. Akitd. Wies. Mutiehen, xii. (1882) pp, 621-37 (1 pl.). 
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Reichert and Hansen held a different view, regarding as the ovum 
only a globular mass found in the free end of the cylinder. 

Formation of the Embryonic Layers in the Trout.' - L. P. 
Henneguy in dealing with the vexed question of the origin of the 
primary blastodermic layers in Telcostean Fishes, comes to con- 
clusions resembling those of Giitte. The first trace of the embryo 
appears as a thickening at one point in the margin of the germinal 
disk ; it is  found from sections that the cellular layer which roofs in 
the segmentation-cavity, turns inwards towards the yolk at the margin 
of the disk, and penetrates this cavity ; the corneous layer forms no 
part of this fold, but ends on the surface of the yolk. At the projec- 
tion formed by the embryo, the blastoderm is thicker, and the inflected 
margin extends further into the cavity than elsewhere. At the pyri- 
form stage of the embryo, when the posterior extremity forms a slight 
projection on the edge of the disk, the cells are found to present a 
concentric arrangement around the axis of the embryo, as described 
by Oellacher ; the blastodermic layers are not distinct at this point, 
although in front of the caudal bud two are distinguishable in trans- 
verse sections made across the embryo, commencing at the caudal 
bud ; the three primitive layers are found in the lateral parts of the 
embryo and at the caudal end ; in the middle line only two, but below 
the axial cord (the commencement of the nervous system) is found 
the chorda dorsalis, formed from the lower part of the axial cord which 
originates from the primary endoderm at the same time as the mcso- 
derm. In the anterior part of the embryo also, only the two layers 
are found. Longitudinal sections of this stage show the caudal bud 
to be formed of undifferentiated cells; in front of it, first two and 
then three layers are met with ; the ectoderm increases in thickness 
from behind forwards, but suddenly becomes thin at the anterior ex- 
tremity. The mesoderm, chorda dorsalis, and secondary endoderm 
only exist towards the middle of the embryo, and in front they 
become confounded with the primary endoderm. At  that point in 
front of the caudal bud at which the three layers are developed, a 
peculiar vesicle appears in the secondary endoderm. The nervous 
axis is developed at the cost of the ectoderm and the corneous layer 
takes no part in its formation ; from the first, it  is  clearly separated 
from the chorda dorsalis; when the medullary cleft is about to be 
formed, the central cells exhibit karyokinetic figures and divide ; the 
daughter-cells separate, leaving between them a space, the future 
central canal. These cells are very delicate, whence has arisen the 
erroneous idea that they normally undergo destruction. 

Distinctions between Organisms and Minerals.?-Dr. H. Valin 
has repeated the interesting experiments of MM. Monnier and Vogt 
on the artificial production of organic forms.3 

In  a flask full of soluble glass were placed fragments of sulphatc 
of iron, ten grains in weight, which immediately began to assume a 

* Comptes Rendus, xcv. (1882) pp. 1297-9. 
t Amer. Natural., xvii. (1583) pp. 233-4. 
f See this Journal, ii. (1852) p. 320. 
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colloid condition on the outside, and shot out tubular prolongations, 
colloidial and cellular, which grew at the rate of half an inch in 
twenty-four hours. Some attained to 2 in. in length, and were about 
1-12th in. in diameter. All these prolongations shot out a number of 
slender filaments from various points of their surface, and these attained 
a length of a few inches in a few hours. After a few days or weeks all 
these assume a crystalline condition and become empty inside. Some 
of them rise to the surface of the liquid. They are insoluble in 
water, remain intact when exposed to air, and when introduced in a 
newly-prepared flask at the same time with fresh fragments, they 
hasten the metamorphosis of the latter. The addition of water to the 
soluble glass renders the experiments more easy and saves timc. 

Watched under the Microscope, the fragments of sulphate of iron 
are seen to swell all around. An unctuous colloid mass is formed, 
which consists of fine granules perfectly similar to animal tissues. 
This mass stretches into prolongations, and fluid contents are seen to 
flow inside them. When the surface of some prolongations was opened, 
a semi-solid substance grew out of the opening into new prolongations. 
One of these mineral organisms, when placed on a fresh fragment, 
shot out new prolongations, as if real grafting had taken place. 

'' Organisms" of sulphate of copper, sulphate of zinc, alum, phos- 
phate of iron, &c., were similarly obtained, each possessing a form 
peculiar to itself and distinct from the others. Analogous forms 
grew in saccharated lime-water. Cellular bodies of the same mineral 
formed in solutions of alkaline carbonates. 

The  following we transcribe verbatim from the report of the 
meeting at which the paper was read :- 

" These experiments relate to the almost unknown department of 
chemistry which treats of colloids, and as crystalline solutions grow 
into symmetrical crystals, so a colloid substance in process of forma- 
tion assumes a typical form, and must be the start of all forms in 
animals and plants. These so-called mineral organisms, viewed with 
the naked eye and the Microscope, or chemically tested, come as near 
to the lower animals and plants as these are from one another, and 
form a new field of investigation for the biologist. We can no longer 
say that only living things grow, unless we reckon these as living. 

" Among the conclusions of Dr. Valin's paper were these : ' That 
the vitality of growth of these mineral organisms consists in the 
passage of a crystal into a colloid, and is thus correlated, but not 
identical, with the kinetic process known as crystallization. That 
the molecule of the bodies consists of many elements, and that acid 
and alkaline polarities are always concerned in their growth, for only 
acid minerals in alkaline solutions gave rise to them. That we have 
a right to suppose that living protoplasm is nothing but a highly 
complex mineral organism in favourable media (water and air).' 

" This would tend to confirm the growing belief among biologists, 
that life is  nothing but the energy manifested by the forty and odd 
(Reinke) proximate principles which constitute protoplasm, when they 
pass from the crystalline or soluble into the colloid state in the 
propcr media." 
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B. INVERTEBRATA. 

Mollusca. 
Development of Reproductive Organs of Pulmonate Molluscs.* 

-H. Rouzaud finds that the reproductive organs of the Pulmonata 
arise from an ectodermic bud, which is primitively simple and clavi- 
form, and which he calls the primitive bud. The hermaphrodite gland 
is merely the free ramified apex of this bud. The bud itself is formed 
by the cutaneous envelope in the region which separates the head 
from the pallial “ collar,” and always arises at the spot at which the 
common or the female orifice is afterwards developed. At first clavi- 
form, it becomes cylindrical, and, following the general integument, 
soon extends to the level of the liver. I ts  basal region soon gives rise 
to a secondary bud, the rudiment of the penis, of the male efferent 
canal, and of the flagellum. At its free end this bud soon presents a 
tract of muscular tissue which is connected with the wall of the body, 
and is the representative of the future retractor muscle of the penis. 
Inferiorly to this, there is developed another bud-the sagittal- 
which is the rudiment of the dart-sac. In  a large number of so-called 
Helices the base of the sagittal bud also proliferates and gives rise to 
a certain number of tertiary buds which form the glands or multifid 
vesicles ; these should, however, be regarded as parts of the dart-sac. 
The median region now presents two clefts, which are distinguished 
as the utero-copulative, and the utero-deferent. With the former 
there becomes connected the copulatory pouch, and with the latter 
the oviduct. The arrangement of the parts are such that the dart 
and the ‘‘ copulatory cellular layer ” are the symmetrical homologues 
of the penis and the efferent canal. 

There are, then, three tracts of cells; the median one, which is 
the oviduct, gives rise to the albuminiparous gland. While these 
changes have been going on, the tip of the primitive bud has been 
actively proliferating, and has given rise to a number of rudimentary 
lobules of the hermaphrodite gland. The sexual products would 
appear to be derived from the ectoderm. 

Developmental History of the Prosobranchiata.7 - Dr. Carl 
Rabl’s memoir is divided into two parts-the first treating of the 
question of the ultimate fate of the gastrula-mouth in Paludina 
viviyara, while the second relates to some later developmental pro- 
cesses in Byfhinin tentaculata. 

The question of the fate of the gastrula-mouth is of great 
theoretical importance ; and there is at present scarcely a point in 
developmental history about which there has been more dispute, and 
upon which opinions are more divided. The author finds that in 
Paltcdina vivipnra the gastrula-mouth gradually but completely closes 
in the median line of the ventral surface; that, further, soon after 
its closure the anus makes its appearance, but is in no way connected 
with the gastrula-mouth ; and that, lastly, the permanent mouth 

* Comptes Rendus, xcvi. (1883) pp. 273-6. 
t Anzeig. Akitd. Wiss. Wien, Jan. 18, 1883, p. 13. 
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appears at the spot where the last residue of the gastrula-mouth had 
closed up. These statements are certainly in contradiction to those 
of some other authors, but show that a common mode of development 
may be set up, at least for the Gasteropoda. 

The second part treats of the structure of the velum, the origin of 
the upper esophageal ganglion, the structure of the primitive kidneys 
and the intestine, and of the development of the persistent kidneys. 
The author finds that the velum in Bythinia is composed of large 
cells containing vacuoles, and differs in some other characters 
from the corresponding organ of other Gasteropod embryos ; that 
the superior esophageal ganglion originates in the form of a 
thickening of the outer germ -lamella (vertical plate) ; that the 
primitive kidneys are composed of a few, not very large, perforated 
cells; that the foundation of the persistent kidneys stands in no 
genetic relation to the ectoderm; and, finally, that in some respects 
the intestine possesses interesting peculiarities. The author has 
endeavoured to bring these results into agreement with his previous 
statements upon the development of Planorbis, and to show that the 
same laws which had proved to prevail in the case of Planorbis apply 
also to Bythinia, and that the differences result from the greater 
abundance of nutritive vitellus which is presented by the germs of the 
latter. 

Norwegian Buccinidre.*-H. Friele describes the Buccinidte of 
the Norwegian Arctic Expedition, which may be said to be especially 
at home in the arctic and northern seas of both hemispheres. 
According to the views of the author, this family comprises the 
genera Jumala with one species, Volutopsis with one species, Pyrolo- 
fusus with one species, Neptunea (recte Neptunia seu potius Nepfunina) 
with seventeen species, Troschelia with one species, and Buccinum 
with twelve species ; in all six genera and thirty-three species. The 
varieties of other species are also noticed. Ten species are for the 
first time described and figured. I t  may be doubted whether the 
grounds of distinction between these genera are sufficient, and 
whether they are not all merely sections of the Lamsrckian genus 
FUSUS and the restricted genus Buccinum. The author attaches con- 
siderable importance to the dentition as a generic character ; but this 
is, at any rate, a difficult basis of classification. What are we to do 
with the fossil, and consequently now toothless, Gastropods ? The 
structure, and even the presence of the odontophore, in that order of 
Mollusca depends on the nature of their food. Herr Friele has con- 
clusively proved that in the Buccinidae ‘‘ diversity of dentition affords 
anything but a trustworthy guide ” in distinguishing species. One 
important character of such distinction has not been lost sight of by 
him, viz. the shape of the apex or embryonic whorls. 

Sinisigera.7-A. E. Craven, nho has published a monograph OR 
this genus, now states that he has been satisfied as to the shells of 

* ‘ Den Norske nord-haw-expedition, 1876-8. VIII. Zoologi, Molluscs. 
1.  Buccinidse.’ 6 PIS. and map. 4t0, Christiania, 1682. Cf. Ann. and Mag. Nat. 
Hist., xi. (1683) pp. 216-9. t Ann. and Mag. Nat. Hist., xi. (1863) pp. 141-2. 

Ser. ~.--VOL. 111. 0 
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this group belonging to the larvs of various Gasteropods. He  figures 
a specimen from the collection of the Rev. R. B. Watson, in which 
the “pullus” and the shell of the adult are both seen. The members 
of the genus Sinisigera, as hitherto regarded, appear to be the pulli 
of many and varied genera. I t  is possible that, driven far from shore 
by currents or storms, they pass their existence as larval forms and 
never attain maturity. If  this is  the correct explanation, we can 
understand how it is that, though so numerous, they are so constant 
in size, and how it is they are dredged in a dead state from great 
depths. 

Green Colour of Oysters.*-Additional investigations have served 
to convince Mr. J. A. Ryder that the coloration is unquestionably due 
to a staining of the blood-cells of the animal, and that the colouring 
matter is either derived from without or else may be a hepatic 
colouring principle, which through some derangement of the normal 
metabolic processes of the animal, has been dissolved in the lympho- 
hsmal fluids, and so been taken up by the blood-cells or hsmato- 
blasts and given them their peculiar colour. The hypothesis of 
tinction in no way disposes the author to assign a less value to the 
influence of the food, as the primary initiatory agency in effecting a 
staining of the internal ends of the cells which form the walls of the 
hepatic follicles. I n  fact, in certain oysters most affected, the hepatic 
follicles are most deeply stained internally. H e  has failed to prove 
by spectroscopic research that this substance is chlorophyll, and his 
belief that it is chlorophyll at all, has been weakened by the fact that 
specimens which had the liver dyed deep-green and were affected in 
other parts, have shown no disposition to part with their colouring 
matter, although immersed in strong alcohol for months, during 
which time it has been changed two or three times. Chlorophyll 
would not be likely thus to retain its colour. 

The hypothesis of vegetable parasites has in the author’s opinion 
no foundation whatever. 

Sucker on the Fin of the Heteropods not a Sexual Character- 
istic.f-The posterior margin of the ‘‘ fin ” of the three genera of 
Heteropoda, Pterotrachcea, Piroloides, and Carinaria, bears a small 
sucker-like body which many authors allege to be characteristic of the 
male of the two former. 

This structure, Mr. J. W. Fewkes says, is sometimes found on 
the fin of the female. Among a number of specimens of Pterotrachoea 
coronata collected at Villa Franca, he found a perfect female with 
this organ as well developed as in the males. He has also studied 
specimens of Firoloides lesueurii in which ovaries were well developed 
where the sucker was present. Most observers agree in saying that 
Curinaria has the primal sucker in both sexes. 

This organ is probably not confined to either sex in the above- 
mentioned genera. Morphologically it may be regarded as a 
functionless organ, or the remnant of a structure which in those 
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* Amer. Natural., xvii. (1883) pp. 86 8. 
t Ibid., pp. 206-7. 
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Gasteropoda from which the Heteropods sprang was of great impor- 
tance. The free-swimming habits which these active molluscs have, 
caused its reduction to a rudimentary organ. 

Growth of the Yolluscan Shell.*--Mr. H. L. Osborn points out 
that the structure of the molluscan shell has been studied by means 
of sections of adult shells by Carpenter and others, who have found 
that it presents an outer, membranous, horny epidermis, and an 
internal stony portion. Such a method could not give any idea of 
the actual process of shell-formation, and a knowledge of this could 
be gained only by study of the first stops. To this end, edges of the 
shell were snipped away and a thin glass circle thrust between the 
animal and its shell, care being taken to prevent injury to the mantle. 
After the lapse of twenty-four hours the shell was opened and the 
glass circle carefully examined, others were allowed to remain two 
days, or three days, or for periods of weeks. 

In twenty-four hours it was found that a film had been left upon 
the circle; in forty-eight hours, this film was plainly stony. The 
earliest traces of this film when treated with colouring reagents, 
stain, but, when treated with acids, show no traces of lime, nor any 
evidences of structure ; it is simply a structureless membrane. Later 
films, when treated with acetic acid, present the appearance of a 
tesselated pavement, and when examined with the polariscope and not 
treated with acetic acid, show beautifully the presence of lime. 

It would thus appear that the epithelium of the mantle pours out 
a secretion of horny matter which forms the epidermis; that this 
secretion holds lime in solution ; and that from this the stony internal 
portion of the shell is formed. Experiments were successfully made 
upon the shells of the oyster and Pinna and several other Lamelli- 
branch6 and some Gasteropods were tried, but thus far in vain. 

Molluscoida. 
Individual Variation in Ascidians-t-Prof. Hcrdman points out 

that the specific determination of Ascidians has always presented con- 
siderable difficulties, owing to the apparent absence of reliable 
characteristics. His own investigations have shown him that the 
“olfactory” or dorsal tubercle is very variable, and the same is 
largely true of the branchial sac. Further observations on the 
common Styela grossularia have led the author to recognize a 6‘ con- 
tinuous series connecting a well-developed branchial fold with the 
most rudimentary indication of where the fold ought to be.” W0 
may have, that is, the projection of the sac disappearing, while the 
bars are still close ; the bars may then become more open ; then there 
may be only three rows of narrow meshes ; then two, then one row ; 
this single raw may extend only part of the way, and at last, the 
right-hand fold may be entirely absent. All the branchial sacs 
described were found in individuals with fully developed genital 
organs. In  addition to some illustrative figures, an ingenious diagram 
illustrating this variability is given. 

* Johns Hopkina University Circulars, 1882, Nov., p. 7. 
t Proc. Lit. aud Phil. Soo. Liverpool, 1882, pp. 12 (2 pls.). 
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Gemmation in Didemnidae and Botryllide.*-A. Della Valls 
finds that the body of each animal, when adult, consists as in the 
true Enteroccelia, of two epithelial sacs, ectodermal and endodermal, 
which are separated by a cavity occupied by  a true enteroccele, a sac 
derived from thc intestine ; this cavity communicates with the exterior 
directly by the cloacal orifice, and indirectly by the branchial clefts. 

All the organs which are not directly derised from the trne 
endoderm (sexual organs, heart, and muscular fibres) arise between 
the ectoderm and the parietal wall of the ccelomic sac. 

As to  the question raised by Prof. Huxley as to  whether the Asci- 
dims are true Enteroccelia, we have to note that the question is based 
on the belief of Kowalewsky and other observers that the atrial orifices 
and the atrial sacs themselves are formed from the ectoderm. The 
author, however, finds that after the formation of the branchio-intes- 
tinal sac two extroflexions arise in its lower part ; these grow rapidly 
and soon cover pert of the median sac ; this last is prolonged down- 
wards to form the intestine, which becomes folded against one of the 
extroflexions, while the lateral sacs approach the ectoderm. Where 
they do so the ectoderm forms an introflesion, and, the opposed caeca 
meeting and uniting, we have the endoderm communicating with the 
exterior by two orifiees ; these, later on, unite and form the permanent 
cloacal orifice. Dealing with the statement of E. van Beneden that 
the enteroccele of the larva disappears completely, the author 
points out that this view is not only contradicted by the evidence 
afforded by a transverse section but also by an inspection of a living 
Perophora, where the blood-corpuscles in the branchial sac may be 
seen moving between two membranes. Chntrary to the views of 
“Jo l in”  (? Julin) the author agrees with a number of other ob- 
servers in regarding the body-cavity of Amphioxus as exactly com- 
parable to the peribranchial cavity of Ascidians. 

I n  the Didemnidse gemmation is a cause of rejuvenescence, or of 
the formation of new individuals ; either of them are always due to 
the connection of two buds, which may be “ brothers,” or “ mother ” 
and “ daughter,” or ‘‘ grandmother ’’ and “ granddaughter.” During 
their period of adhesion the buds are the cause of polymorphism. In 
the Botryllidae one bud is sufficient for the production of a new 
individual, and this is formed by an extroflexion of the parietal wall 
of the peritoneum of the parent which gives rise to a similar extro- 
flexion of the ectoderm ; as a rule there is but a single bud on either 
side ; as soon as the peritoneal sacs are developed, the new buds are 
ordinarily provided with generative organs ; in some cases, however, a 
whole colony may be seen to be without ova. 

Anatomy and Histology of Ciona intestina1is.t-In this her- 
maphrodite Ascidian L. Roule states the testis and ovary to be 
distinct from each other; their activity lasts throughout the year. 
The testis consists of an aggregation of tubes inclosed by the 
connective tissue of the mall of the intestine, i. e. of the curvature 

* Arch. Itd. Biol., ii. (1882) pp. 50-72 (3 pls.). 
t Colnptes Rendus, xciv. (1882) pp. 1652-5, 1726-9. 
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between the stomach and rectum ; they form quite a ridge on one side 
by their close aggregation at this point; they are surrounded by n 
dense plexus of capillaries, and add considerably to the thickness of 
the walls of the intestine ; most of the secretory tubules of the testis 
converge towards the base of the stomach, where they unite in the 
vas deferens which then crosses the body-cavity, accompanied by the 
gastro-ovarian vessels, and unites with the oviduct at the anterior end 
of the ovary. The ovary is a large oval body lying in the body-cavity 
between the heart and the intestine, with a pointed anterior extremity 
whence the oviduct, which is wide and has thin transparent walls, pro- 
ceeds ; the gland is covered externally by the endothelium of the body- 
cavity and is divided internally into large partitions by irregular 
trabeculae of connective tissue ; the spaces contain ova in all stages 
of development. The joint oviduct, vas deferens, and upper branchial 
vessel meet the intestine near the end of its curvature and accompany 
i t  to its termination, being attached along the line occupied by the 
spermatic ridge on the interior. This ridge ceases to contain spermatic 
glandules at the rectum. The joint cord executes a twist  half round 
the intestine ; being above i t  at the end of the curvature and below it 
at the anus. The walls of the oviduct and VRS deferens consist of a 
thin lamina of connective tissue, covered externally by a pavement epi- 
thelium consisting of one layer of small cells ; the internal epithelium 
is ciliated in the oviduct, in some parts of the male duct it has the 
character of an endothelium, the cells being broad and flat. The two 
generative ducts open together in the cloaca1 cavity in a small beak- 
like prominence which is terminated by a red organ. The orifice of 
the oviduct is surrounded by muscle-fibres, that of the vas deferens by 
about 10 to 15 small diverticula, inclosed in a sheath of connective 
tissue ; the cavities of these diverticula are lined by large flat epithe- 
lium-cells, behind which come two or three layers of orange-coloured 
strongly granular cells, resting on the connective tissue, which is 
perforated by numerous blood-capillaries. The orange cells contain 
uric acid, oxalates (probably oxalate of limc) and phosphates, and 
their function must be renal. The spermatozoa arise from slightly 
granular cells in which no nucleus was found and which are the outer 
members of certain aggregations of cells into masses called polyplasts ; 
in the outer cells of which appear hyaline spaces which are detached 
as distinct non-nucleated cells, and accumulate outside their parent 
cells ; they are the deuto-spermoblasts, and each produces a spermato- 
zoon, whose head is attached to the parent cell until it  is liberated. 

The circulatory system of this and other Ascidians is distin- 
guished by the abundance of anastomotic branches of almost the same 
calibre as the vessels which they connect. The circulatory currents 
are thus indefinite in direction, and the distinction between venous 
and arterial blood is not long maintained. Thrce main currents mny, 
however, be distinguished, viz. cardio-splanchnic, splaiichno-bPanehial, 
and branchio-cardiac ; the mantle receives small vesscls from all the 
organs which are in contact with it. The hcart is  bcnt on itself, and 
gives off two vessels of equal length ; it, togetl er  with thesc, is cwii- 
tained in a roomy Y-shaped pericardinm. The niantlo contains a 
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close network of vessels communicating with those of all the viscera, 
the most important being those which pass between it and the branchice. 
There are no vessels proper to the test. 

The elements of the blood are (1) cells with ramifying processes, 
analogous to the lymph corpuscles of Vertebrata; (2) round or 
mammillated refractive bodies of a deep brown colour, the result of 
degeneration of the preceding. Both these kinds are also found in 
the connective tissue everywhere, whither they seem to have migrated 
from the blood ; (3) yellow granular cells, very scarce ; they resemble 
the cells composing a special organ which is attached to the vas 
deferens. 

The branchia is a network of thin-walled vessels ; its fundamental 
elements are transverse vessels, which connect the afferent and efferent 
vessels ; they are themselves connected by small longitudinal tubes ; 
there are also two further series of transverse and one of longitudinal 
vessels. The blood-vessels in general are excavated in the substance 
of the connective tissue, where they form regular lacuna, whose 
cavity is partially filled with connective tissue and lined with epithe- 
lium. The heart is the only part of the vascular system which has 
ti complete muscular lining, although the superior and some of the 
transverse branchial vessels possess isolated smooth muscular fibres. 
The branchial vessels are distinguished by an unusually thin con- 
nective tissue layer, covered externally by a pavement epithelium 
which is ciliated in parts. 

I n  a subsequent paper * the histology of the species is described 
in detail, for which the original text must be consulted. 

Mediterranean and Atlantic Bryozoa.t--M. Alphonse Milne- 
Edwards gives a preliminary report of dredgings at great depths in 
the Mediterranean and Atlantic Oceans from which i t  seems that the 
full report will, among other things, add very largely to our know- 
ledge of the Mediterranean Bryozoa. A list is given of 71 species. 
The author says that Setosella vulnerata only seems to reproduce itself 
at great depths, as he found ovicells on specimens from 1068 metres 
while from less depths they are unknown. From having material 
from more favourable ground he is able to give the form of the 
ovicells of two species of Frondipora and Reticzclipora. As the 
ovicells of so large a number of Cyclostomata are unknown this is 
very important, both of these genera belonging to a form of growth 
which is very sparely represented in the recent fauna, though 
abundant in some geological formations. 

Arthropoda. 
a. Insecta. 

Colour and Pattern of Insects.$-Dr. H. A. Hagen considers that 
colour and pattern are produced by physiological processes in the 

* Comptes Rendus, xcv. (1882) pp. 45-7. 
t “Rapport snr les Travaux de la Commission chargCe par M. lc Min. de 

1’Inst. Pnbl. d’e‘tudier la  Faune sous-marine dans lea grandcs profondeurs de la 
MBdit. et de l’Ocean Atlant., par M. Alphonse Milne-Edwards.” Extr. des Arch. 
des Missions Scientifique et Lit., ix. (1882). 

Proc. Amer. Acnd. Arts and hi . ,  xvii. (1882) pp. 234-67. 
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interior of the body of the insect, and not in a purely mechanical 
manner, as contended for by Prof. Weismann. 

Colour is  influenced not only by air and light, but also by heat 
and cold and the wetness or dryness of the atmosphere, the season, 
and the character of the country. Dr. Hagen distinguishes colours 
as optical and natural. The former are produced by interference 
in two different ways: either by thin superposed lam ell^, or by 
many very fine lines or small impressions in very near juxtaposition. 
There must be present at least two superposed lamella to produce 
colours by interference. There cannot be more than four layers 
in the wings and scales, which show principally such colours in 
inseets-two external ones belonging to the cuticula, and two internal 
ones belonging to the hypodermis. The naked wings of Diptera and 
Neuroptera often show beautiful interference colours. The scales of 
Entimus and other Curculionida: are well known for their brilliancy, 
and it is interesting to remark that when dry scales are examined 
with the Microscope, many are found partly injured, which give 
in different places different colours, according to the number of layers 
which remain, the elytra of some Chrysomelina and other beetles 
with iridescent colours probably belonging to the same category. 

Secondly, interference eolours are produced by many very fine 
lines or stria: in very near juxtaposition. 

Perhaps in the colour-changing butterflies natural colours are 
combined with optical colours, or perhaps interference colours pro- 
duced by superposed lamella: are combined with those produced by 
fine stria:. It will be necessary to deprive the wings of their natural 
colours by bleaching, and then to make the microscopical examina- 
tion. The wings 
of Apatirra clytie, a variety of A. ilia, are pale yellow in the colour- 
changing part ; the wings of Euplaa superba are velvety black above, 
the black changing into violet in the colour-changing part. Both 
wings put in eau de javelle began to grow pale after an hour. The 
paleness began first in the colour-changing part of E. superba, and 
mas less visible in the much lighter coloured wings of A. clytie. 
After one hour and a half the whole colour-changing part of both 
species was entirely hyaline. The not-colour-changing parts were 
very little affected, and in A. clytie the light-brown spots were nearly 
intact, The 
microscopical examinations showed that the scales of the colour- 
charging parts were very much affected. The scales were hyaline, 
nearly visible ; the longitudinal stria less sharp, the transversal ones 
even more affected, and mostly obliterated. In  some places, in the 
middle of the colour-changing part, the scales had disappeared, and 
only their stems were left. On the other hand, the scales of the not- 
colour-changing parts were nearly unchanged, and both kinds of the 
striae as sharp as before. The under side of the wings does not change 
colour at all, nevertheless, the parts corresponding to those iridescent 
ones of the upper side were affected as much and in the same manner 
as the scales of the upper side. From the beginning of the bleaching 
process both sides made the same progress in becoming hyaline. 

Now the stria: of the scalcs, though they had been much affected 

Dr. Hagen has begun experiments for this purpose. 

Both wings had lost entirely the change of colours. 
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by the bleaching, could not be the producers, at least not alone, of 
iridescence, as in all not-colour-changing scales the striae are exactly 
of the same arrangement and distance, just as fine and approximate 
as in the iridescent ones. Therefore it may be presumed that the 
lamella of thc:iridescent scales are more distant one from the other, 
less firmly glued together, end therefore easier affected by the bleach- 
ing fluid, and the coloured substance between the lamelle easier 
bleached. But why are the corresponding not-iridescent scales of 
the under side of the wing also affected, and at the same time with 
those of the upper side? It can only be supposed that the quick 
effect upon the scales on one side of the wing gives easier access to the 
scales on the other side. The author confesses that he is not entirely 
satisfied with this explanation, but he does not know of a more satis- 
factory one. For the first experiment the wings were cut through 
the middle of the colour-changing part, and were therefore perhaps 
more quickly affected. I n  subsequent experiments with entire wings 
of Euplaa superba the iridescence was gone in three-quarters of an 
hour, but the wing was only less dark even in the colour-changing 
part. I n  the same space of' time wings of Apalura iris and ilia, and 
of Thecla quercus were entirely bleached, those of L y c m a  Darnorz only 
partly. The question whether the striae of scales with more distant 
lamellae will help to produce iridescence which the same kind of stria 
of scales with not-distant lamellae does not do, he is unable to answer. 

The colours of butterflies change mostly from purple to blue, 
sometimes to yellow. Probably a calculation based upon the appear- 
ance of these colours might help to solve the question. 

Interference colours are also produced by very small impressions 
in juxtaposition. Such an arrangement is found on the feathers of 
birds ; for instance, on the neck of pigeons and elsewhere. Is the 
hairs of Aphrodite and Eunice this arrangement may be compared 
with strie. Perhaps this kind of interference colours is found more 
frequently among insects than is commonly known. A t  least thcre 
are often parts of insects, and their limbs in appearance yellowish, 
but in a certain direction changing to brown or blackish. Dr. Hagen 
knows of no other explanation of this not uncommon fact on the legs 
of Diptera, of Hymenoptera, and of Phryganide. 

Natural colours are of two different kinds. (1) the pigincnt is 
deposited in the form of very small nuclei in the cells, or in the 
product of cells, in the cuticula ; (2) the pigment is a homogeneous 
fatty substance, a kind of dye somewhat condensed. 

The first kind belongs to the cuticula, and may be called dermal 
colours. Dr. Hagen considers them to be produced mostly by oxida- 
tion or carbonization, in consequence of a chemical process originating 
and accompanying the development and the transformation of insects. 
To a certain extent the dermal colours may have been derived from 
hypodermal colours, as the cuticula is secreted by the hypodermis, 
and the colours may have been changed by oxidation and air-tight 
seclusion. The cnticula is in certain cases entirely colourless. The 
dermal colours are persistent, never becoming obliterated or changed 
after death. 
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The secondd kind of colours belongs to the hypodermis- hypo- 
dermal colours-and are the consequence of a chemical process, 
generating colour out of substances contained in the body of the 
insect. These colours may be changed into other colours by light 
and heat, perhaps by acids or by the influences of the sexual organs. 
If  such a change were to a certain extent a photographic process, 
some important facts (mimicry) could be understood, which otherwise 
are inexplicable. The hypodermal colours are generally brighter 
and lighter than the dermal, and mostly fade, change, and disappear 
after death, an exception existing, however, in the case of certain 
colours of the elgtra and wings, of the hairs, scales, and appendages 
of the body. The hypodermal colours are very often different in 
males and females of the same species, but the dermal more rarely 
differ. The former change during life-time by sexual influences, 
cold, &c. 

There occur in a number of insects external colours, that is, 
colours upon the cuticula, which are displaced hypodermal colours : 
produced in the hypodermis and exuded through the pore canals 
-the nearly pale blue or white upon the abdomen of some Odonata, 
the white on many Hemiptera, the pale grey on the elgtra and on the 
thorax of the Goliath beetle, and the yellowish powder on Lixus. 

The question of the pattern is  then considered, the author 
believing that a more detailed study of the different patterns which 
are to be found in different groups, and perhaps the development of 
the law according to which the pattern is changed in different groups, 
would advance us nearer to the knowledge of its nature and origin. 

The pattern is not the product of an accidental circumstance, but 
apparently the consequence of certain events or actions in the interior 
of the insect mostly at the time of its development. The proof is 
easily afforded by the regularity of the pattern in the same genus or 
the same family, If  studied carefully and comparatively, the pattern 
for such a genus is the same for all species, but for some of them 
more or less elaborated. 

Weismann, in his study of the origin of the pattern of caterpillars 
of the Sphingidle, contends that all the patterns and colours possess 
only a biological value. The green colour, which first appears, 
corresponds to that of the leaves. But in a large caterpillnr one 
main colour would be too apparent ; therefore longitudinal lines 
separate the main colour into several fields and diminish the danger, 
the more so when the caterpillar lives among grasses. The oblique 
lines form a similar protection, and are even more effectual when the 
lines have coloured borders, which make them resemble the ribs of 
leaves. The eye-spots of Chcerocampa are said to frighten enemies, 
and the variegated colours of Deilephiln to designate them as not 
eatable. The dark colour of full-grown caterpillars of Chcerocampa 
is said to be owing to the impossibility of being protected by any 
colour, on account of its large size. These caterpillars acquire, there- 
fore, the habit of feeding at night, and hide themselves during day- 
time under dead leaves. As, therefore, every one of the characters 
is of biological value, they can be explained by means of natural 
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selection, and the necessity to admit a phyletic or inborn power does 
not exist. The possibility of the existence of such a power is rejected 
by Weismann. 

The conclusions of Weismann are based upon a number of 
European species. But it seems that the study of exotic species will  
show that some of these conclusions cannot stand, or will lose at least 
a large part of their value. The colourlessness of the newly-hatched 
caterpillars is perhaps not without exception in some tropical species. 
The succeeding green colour belongs to the hypodermal colours, but 
all the longitudinal and oblique lines and the spots belong to the 
dermal colours. The dorsal lines are the consequence of the situation 
of the dorsal vessel; probably the subdorsal line and the oblique 
lines are muscular lines, and the stigma line a consequence of the 
large longitudinal trachea. The large eye-spots on the thoracic 
segments indicate the place under which the wings are beginning to 
be formed. Similar spots, but less strongly developed, are to be 
found in a number of larva of Myrmelionide. The formation of the 
wings necessitates a largely accelerated circulation in those places, 
and therefore an oxidation of the cuticula. These eye-spots belong to 
the dermal colours. 

I n  some few instances the author has been able' to observe how 
the pattern is produced. In  dragon-flies (Odonata) the thorax is 
transparent and entirely colourless at the moment of transformation. 
At this time the muscles are in process of formation. The thoracic 
muscles of the Odonata are, as is well known, very powerful, and 
rather exceptional in the shape of their tendons. Very strong 
currents of the blood were observed just along the place where the 
muscles were developing. The rush of the blood was very much 
accelerated. Now just outside of these we find in Odonata dark 
lines or bands, which appear to be the result of the formation of the 
muscles. Ubi irritatio, ibi afluxus ; therefore it is not improper to 
conclude that a powerful action in the development of the muscles is 
here the cause of a stronger combustion and of an oxidation in the 
adjacent parts of the external crust of insects. But not the pattern 
of the thorax alone follows the lines of the muscles. On the head 
we find a certain pattern corresponding to the muscles of the mandi- 
bular apparatus ; another one on the segments of the abdomen corre- 
sponding to the so-called respiratory or abdominal muscles, and 
another one on the legs corresponding with their muscles. I t  is im- 
portant to remember that those patterns are better and more definitely 
developed in the most powerful flying Odonata, as in the Bschnina, 
and especially in the Gomphina. The main colour of the Gomphina 
is yellow of different shades, mostly greenish-yellow, and the stronger 
the species the larger is mostly the pattern of blackish bands. 

The same proceedings were observed in Cicada just emerging 
from the nympha skin. On the head, thorax, abdomen, and legs 
appear similar patterns, corresponding to the muscles or to their 
insertion places. In  fact, where a stronger circulation exists in 
insects, the part becomes more strongly chitinized and darker 
coloured. 

Should this explanation of thc facts bc ncccpted wc shall have 
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taken a step forward in understanding the origin of the pattern. The 
author knows very well that among the Odonata patterns exist which 
do not agree with the explanation, and in one case are even opposed 
to it. But though most of the patterns can be explained in this 
manner, there may exist other factors still unknown explaining the 
opposite patterns. The explanation given can be considered as 
admissible as long as the number opposite to it is a comparatively 
small one. The pattern on the wings and elytra cannot, of course, be 
the product of action near or along the muscles, as these limbs are 
unprovided with them internally. But it seems probable that there 
the sudden rush of blood and air by the accelerated circulation and 
respiration during the act of transformation produces the same effect. 
At least some patterns, the origin of which would be inexplicable, 
would be understood by it. 

If  a stream or jet of blood passing through the narrow base of the 
wingbag should meet within its centre a small obstacle, the previously 
straight stream would take the form of a funnel. Should this obstacle 
be a kind of ring, the funnel shape would be retained by the stream, 
but its central portion would pass undivided through the ring, and 
upon meeting another obstacle would produce a second funnel. 
Therefore there may be two or more funnels, onc within the other, 
and a section of them will be circular or elliptical according to the 
angle to which they reach the inner surface of the wing. A curious 
fact seems, the author thinks, to support his suggestion. Nearly every 
largcr ring or eye-spot of the wings shows a white interruption or 
spot in some place. Now as it is impossible that any obstacle, such as 
mentioned before, can be entirely free and isolated in the stream, we 
must presume that it is somewhere connected with the interior of the 
body, and is perhaps produced by some prominent ridge or corner, 
and then the funnel or the ring must be interrupted in some place by 
this connection. If it is so, this place will not be oxidated (colourless) 
and will correspond to the white spot mentioned before. 

There is still another circumstance which explains some patterns. 
The walls of the bag which will be later a wing or elytron are very 
strongly enlarged and suddenly dilated during the act of transforma- 
tion. Therefore small rudimentary patterns in the bag will be altered 
and enlarged by the same proceedings. Many patterns of Lepidop- 
terous wings can be easily explained in this way. All the wavy lines 
and similar marks belong to these patterns. As the ribs or veins of 
the wings seem to grow faster in transformation than the membrane 
between them, the wavy shape of the lines would thus be explained. 

The author adds " At first my suggestion about the formation of 
the pattern in such a manner may seem to be strange, and perhaps 
not admissible. But in thinking over the subject again and again, I 
have found more and more support for its adoption." He further 
refers to  the authority of Prof. C. Semper in proof of the existence of 
obstacles in the streams of blood, and to the dark coloration round 
the nipple of pregnant women as a proof of the appearance of dark 
colour along an accelerated circulation. 

They may, and 
in fact do, often cover the whole insect. All colonrs, the pattern 

The colours of the patterns are dermal colours. 
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excepted, are hypodermal colours. The dermal colours are formed 
during the transformation before the integument becomes rigid. The 
hypodermal colours are formed either after this period or as a main 
colour in prwious stages, just after hatching, before any pattern exists. 

After a discussion of mimicry in colours, the nature of colour and 
its formation is dealt with, the author’s view being that it is  probable 
that the colours of insects are chemically produced by a combination 
of fats or fat acids with other acids or alkalies by the influence of air, 
light, and heat. 

SUMMARY OF CURRENT RESEARCHES RELATING TO 

The author’s “final conclusions ” are 8s follows. 
“ 1. That some colours of insects can be changed or obliterated by 

acids. 2. That two natural colours, madder-lake and indigo, can be 
produced artificially by the influence of acid on fat boclies. 3. As 
protein bodies in insects are changed into fat bodies, and may be 
changed by acids contained in insects into fat acids, the formation of 
colours in  thc same manner seems probable. 4. That colours can be 
changed by different temperature. 5 .  That the pattern is  originated 
probably by a combination of oxygen with the integuments. 6. The 
mimicry of the hypodermal colours may be effected by a kind of 
photographic process. 

I n  comparing these still insufficient data with the statement- 
that colour and pattern are produced in a purely mechanical manner, 
and are the consequences of natural selection, of adaptation, and of 
inheritance-we must, if we want to go beyond belief, directly 
exclude inheritance, as after the statement of Prof. Weismann him- 
self, it is entirely unknown how inheritance works ; even the question 
itself is still entirely untouched. We must further exclude natural 
selection and adaptation, as both are (according to Prof. C .  Semper) 
only able to begin to work after pigment is produced and after a 
change of the pattern has begun. 

What is then left to justify our accepting a purely mechanical 
manner but the simple belief that it is so ? 

I am convinced that colour and pattern are produced by physio- 
logical processes in the interior of the bodies of insects.” 

Development of the Excretory Generative Ducts in Insects.*- 
The types examined by J. Nusbaum in his study of this subject are the 
Pediculina, Lipeurus bacillus and Goniocotes hologaster, and the Cock- 
roach, Blattu orientalis. His conclusions are stated as follows :-1. 
The assumption is incorrect that the posterior cords of the rudiments 
of the sexual glands unite mith each other and form the origin of thc 
whole excretory channel ; these cords only form thc vasa deferentia, 
or oviducts. 2. All the other parts of the excretory apparatus, viz. 
uterus, vagina, receptaculum seminis, ductus ejaculatorius, penis and 
accessory glands, arise from the dermal epithelium. 3. The outer 
connective-tissue sheaths and the musculature of the excretory appara- 
tus originate from the mesodermal cells of the body-cavity. 4. The 
exeretory passngcs commence as paired germs. All unpaired parts 
(uterus, pcuis, receptaculum seminis, azygos glands, &c.) arisc from 
paired rudiments. The unpaired excretory apparatus of Insccts must 

Zoo1 Aiizcig , v. (1682) pp. 637-13. 
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therefore be considered morphologically as a secondary and more 
complex system. 5. The male and female excretory ducte of the 
generative glands are homologous. 6. The cavities of the oviducts, 
uterus, and vagina in the female, and of the vasa deferentia, accessory 
organs, and ductus ejaculatorius in the male arise independently of 
each other and only come into connection in a secondary manner. 
A full account, with illustrations, of the investigations made by 
the author in the different orders of insects is to be published 
hereafter. 

Anatomy and Development of the Ovary in Diptera.*-In 
insects generally, A. Jaworowski finds that each ovary is developed 
from a single embryonic cell which in Chironomus lies between the 
body-wall and the intestine ; in B freshly-hatched larva of this gnat 
the gland contains two cells, imbedded in the protoplasm of the em- 
bryonic cell ; the two cells become four and multiply by endogenous 
production of daughter-cells ; each mother-cell becomes an ovarian 
tubule ; daughter-cells sometimes become mother-cells. The tubule 
is formed by the aggregation of the protoplasm moat abundantly 
around the daughter-cell which is to lie at the distal end of the tubule ; 
this cell grows rapidly and: its protoplasm becomes granular ; it 
pushes outwards the cell-membranes of the mother-cell and itself 
breaks up into daughter-cells, forming the first ovarian chamber ; a 
similar process is repeated for the second chamber, and so on. The 
excretory tube is formed from a primary mother-cell. The epithelium 
of the ovarian tubules is homologous with the ova and the yolk-forming 
cells. The muscles which unite the tubules are produced from small 
cells which are developed from the remains of the protoplasmic matrix 
out of which the primary mother-cells originate. The terminal 
filaments of the tubules have the same structure as the tubules ; they 
end crecally, and may either be attached to other organs, or be united 
by muscle-fibres, or end freely. 

In the larva of Cecidomyia, the primary mother-cells do not form 
ovarian tubes, but become free and pass into the body-cavity, forming 
the ‘‘ pseudova ” of Leuckart, which are in reality sexual glands. 

Systematic Characters of the Labrum of Syrphidae.t-J. Gazag- 
mire  gives an account of the characters of the labrum in this group 
of the Diptera, describing a special method of articulation, due to a 
want of chitinization, which appears to characterize these forms, and 
points out the generic differences which obtain between Ceria, 
Eumerus, and Volucella. The present series of studies is confined to 
native forms, but the author’s observations on exotic Diptera lead him 
to believe that the characters indicated have a general significance. 

Genital Organs of the 0rthoptera.S-A. Berlese, as briefly re- 
ported, has studied species belonging to all the six families of this 
order, taken in its restricted sense, viz. Mantidce, Locustidce, Gryllzdce, 
Gryllotalpidce, Truxalidce, Acrididce. 

Of the female organs, the ovipositor is made up of three pieces, 
* 2001. Anzeig., v. (1882) pp. 653-7. 
t Comptes Reudus, xcvi. (1883) pp. 351-3. 
f Atti Accad. Lincei (Rome) Transunti, vi.  (1882) pp. 201-3. 
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and in some families also of a capsule, now described for the first 
time, and derived from the 9th lower arch (sternite) ; the ovipositor 
is supplied with 32 muscles. The generative organs receive their 
nervous supply from the last ganglion of the chain, their aeration 
from the last stigma. Of the male organs, the 9th lower chitinous 
arch forms the falciform piece, a h ,  squamula, &c., between which the 
penis is extruded ; the secretions of the seminal and accessory glands 
enter the penis by a common canal. 

Male Genital Appendages of the Saltatory Orthoptera.*-The 
externally visible segments of the abdomen which in these insects are 
accessory to the generative organs are (1) the 9th in the male and 8th in 
the female, the sternite of which forms the sub-genital lamina ; in 
the males of the Acrididce it is often divided transversely, or it 
carries (in the Locustida) two mobile appendages articulated to its 
lateral angles; (2) the l l t h ,  of which the tergum forms the supra- 
anal lamina. But these are not the only segments connected with 
these organs; A. Targioni-Tozzetti finds that by raising the supra-anal 
and depressing the sub-genital lamina, by which the more internal 
parts are somewhat everted, a succession of folds are clearly seen, 
provided with projecting margins of different shapes, which must be 
regarded as representing the tergal, sternal, and lateral parts of as 
many more or less complete somites. Of these inflected somites, the 
tergite of the 1st is tridentate in Caloptenus italicus, and that of the 
2nd is chitinized and bilobate in Pachytylus nigrofasciatus, and these 
tergites evidently correspond to the organ termed titdlator by Brunner 
von Wattenwyl, since the tergite and sternite of the last projection 
subdivide and combine to form the penis, which is of complicated 
structure in both species. I n  Decticus and Ephippigera the number 
of inverted folds and of segments included by them is smaller, and 
the penis is reduced to two sternal valves, which are broad at their 
base and terminate in two stiliform appendages. These arrangements 
dispose of the homology between the penis and the upper median 
portion of the interior of the ovipositor of female Locustidm, supposed 
by Chadina to exist ; and the elements of the penis are, at any rate in 
the Acrididce, rather to be connected with the styles of thc female 
armature, represented in Locustidoe by the lateral valves of the 
ovipositor. 

Circulation of Blood in the Larva of IIydrophi1us.t-An 
examination of living larva of Hydrophilus under the Microscope by 
Mr. G. Dimmock revealed the circulation of blood in their antenna 
and trophi, which is distinctly visible and curious in its directions. 

The blood, after leaving the anterior extremity of the dorsal vessel 
or heart and entering the head, divides itself into two lateral branches, 
one of which descends on each side of the cesophagus, the two 
branches reuniting beneath the esophagus, a little anterior to their 
division on its upper side, to form a median stream. Between the 
point where the streams separate and reunite, each gives off three 
branches, all of which flow in ihc same direction as the middle stream 

* Bull. Sor. Eutomol. Ital., xiv. (1682) pp. 361-5. 
t Psyche, iii. (1882) pp. 324-6 (1 fig.). 
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formed by the reunion of the two lateral ones, that is, toward the 
anterior part of the head. The median stream which is, of course, 
more ventral in position than the six others, enters the middle of 
the labium, and passes along the dorsal half of that organ until it 
nearly reaches the bases of the labial palpi. Here the stream turns 
back laterally and ventrally, so that the returning current is along 
the ventral half and in both lateral portions of the labium. Each of 
the two streams of blood next toward the dorsum from the one which 
supplies the labium, enters the outer side of a maxilla, flows along the 
outer side nearly to the distal end of the basal joint of the maxilla, 
and returns along the inner side of the joint to the head. The two 
streams next in order, as the dorsal side of the head is approached, 
are those that supply blood to the mandibles. Each enters the 
mandible on its inner side, flows nearly to its tip, and returns on 
its outer side. Dorsally to the currents supplying the mandibles are 
those that flow into the antennse, which, in the larvs of Hydrophilus, 
are used as trophi. Each stream enters 
its antenna on the inner side, flows to 
the distal end of the basal joint, and 
returns on the outer side of that joint 
to the head. After their return to the 
head, the currents from the antenna 
and trophi are lost among the muscles 
of the head. 

Fig. 35 gives a more readily com- 
prehensible idea of the direction and 
extent of the streams. T o  complete the 
figure one should imagine a stream of 
blood toward the head, beneath the 
arrow in the middle of the labium ; ~~~~~l view of head of youngr 
that is, with the head in the position larva of Hqdrophilus ? pbetss. 
indicated in the figure, the Microscope Direction of blood-currents in the 
can be focussed first on a stream indicated by arrows. 

Dotted lines indicate partitions 

then with the fine adjustment, the tube tenna; m, mandible; ma, maxilla ; 
can be lowered until a return stream I ,  labium. 
toward the head is brought into focus. 
The currents of blood in the head are not indicated, as they would 
too greatly complicate the figure. 

As the currents are not, of course, confined in arteries and veins, 
as in vertebrates, the terms streams and currents of blood are used. 
These streams occupy nearly the whole interior cavity of the 
appendages in the larvae, the outward and return currents being 
separated by partitions, of apparently a porous nature, which are 
represented in the figure by dotted lines. These partitions, like 
those described by Carus * in the abdominal appendages of the larva 
of Agrion puella, are very delicate, and extend, in the antennse, 
mandibles, and maxilla, from the upper to the lower chitinous walls. 
In no case have corpuscles of blood been observed to pass through 

* Carus, C. G., ' Entdeckung eines einfachen vom p z e u  aus beschleunigten 
Blutkreislaufes in den Larven netzfliiglicher Insecten. 

FIG 35. 

flowing outward in the labium, and between b]ooi-currents. a, 

x 20. 

Leipzig, 1827. 
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these porous partitions, but they may not be impervious to the fluid 
portion of the blood. They serve to guide the currents of blood and 
to cause it to circulate in the appendages. It is not necessary for 
these porous partitions to extend into the apical joints of each ap- 
pendage, the blood which fills these joints not needing rapid changing. 
Carus notes that, in the larva of Ephemera vulgaris, the blood has a 
distinct outward and return current in the basal joint of each antenna. 
This is the case, as will be seen by the figure, in the antenna of the 
larva of Hydrophilus, where the partition between the two streams ends 
just posterior to the distal end of the basal joint of each antenna. 

Verloren * ‘notes that, in the antenna of the larvae of Ephemera 
diptera he had never been able to observe the circulation of the 
nutrient fluid, except in the first joint, where the current enters on 
the inner side and returns on the outer side. The direction and 
extent of the currents of blood in the antenna are the same in the 
larva of Ephemera d+tera as in that of Hydrophilus, but, as the 
literature at the author’s command fails to give the necessary data in 
regard to the currents of blood in the antennee of other insects, and 
he was not able to obtain specimens suitable for further observations, 
it is unsafe to preclict that the currents in the antenna of insects 
generally follow a similar course. 

It w i l l  be seen by B glance at the figure that, with one excep- 
tion, all the streams of blood have their outward course on the inner 
side of each appendage ; the exception is in the maxilla, where the 
outward course of the blood is on the outer side. It would be 
interesting to know if, in other insect larva, the streams of blood 
entered the maxillae on the outer and returned on the inner side. 

As the circulation in the appendages of the head of the larvae of 
Hydrophilus has no capillaries, the progress of the blood is so little 
checked that one can count the pulsations of the heart as  well in the 
returning currents as in the outgoing ones. 

For the purpose of detailed study of the circulation of the blood 
not only in the antenna and trophi but in all parts of the body, the 
young larva of Hydrophilus offer special advantages, on account of 
their transparency, which is so great that their blood-corpuscles can 
be readily seen under the Microscope, without using extremely high 
powers. The egg-cases of Bydrophdu8 can be collected in summer, 
and the l a m s  easily reared in B small aquarium. I f  a suitable 
aquarium be chosen, and placed beneath any kind of a fly-trap, in 
such a way that the flies captured will fall, living, into the water, a 
healthy brood of larva of Hyclrophibs can be fed with a minimum of 
attention. 

8. Myriopoda. 

Ventral Organ of Geophilus.7-The gland which emits a red 
liquid by certain disks in the median ventral line of G. Gabiellis has 
bden studied by N. Passerini. The disks are epidermal structures about 
0 .2  mm. in diameter in adults, and are placed in slight depressions of 

* Verloren, M. C., ‘Mdmoire en rCponZe ‘a la question suivante: Eclaircir par 
des observations nouvelles le phCnom‘ene de la circulation dam les insectes,’ 1844. 

t Bull. SOC. Entomol. Ital., xiv. (1882) pp. 323-8. 



ZOOLOGY AND BOTANY, MICROSCOPY, ETC. 209 

the integument, one on each foot-bearing segment ; their centre is 
occupied by about 100 glistening bodies, which are the truncate 
ends of a corresponding set of conical mouth-pieces belonging to long 
ducts, each of which leads from a long pyriform gland.. This gland 
is called unicellular by Passerini ; its basal membrane, which is very 
thin, contains a number of smooth and striated fibres, which ramify, 
anastomose, and form a reticulum, and are connected similarly with 
those of the neighbouring glands, and extend over the ducts. The 
larger fibres, some of which measure 0.012 mm. in diameter, start 
from common centres. The fibres very often exhibit a succession of 
slight inflations, and are evidently contractile and intended to 
compress the gland and expel its contents. The system of glands 
belonging to one segment is invested by a delicate membrane con- 
taining weak fibres and surrounded by adipose cells, and is innervated 
by nerve-branches derived from the anterior nerve of the pair which 
is given off on each side by the ganglion of the segment ; the trachea 
belong to a branch which comes direct from the main trunk. 

The liquid contained in the gland coagulates promptly in the air, 
has an acid reaction and taste, and irritates the tongue, is soluble in 
water and alcohol and becomes whitish under the action of caustic 
potash ; the coagulum shows under the Microscope an amorphous 
mass containing elongated crystals, which generally form rosettes 
about 0 - 14 mm. in maximum diameter ; analysis shows its composition 
to be analogous to that of silk. The only direct evidence as to the 
function which the author was able to obtain was that when the back 
is mechanically irritated, the animal turns up its ventral surface, and 
the disks become covered with the fluid, the object of which seems to 
be retaliation. 

Y.  Arachnida. 
Polymorphism and Parthenogenesis in Acari.*-A. Berlese 

states that the adult Gamasus, like all parthenogenetic forms, produces 
viviparously hexapod larva ; from these are produced nymphs, which 
never develope ova till they reach the mother-stage. Both the larva 
and the nymphs are distinguishable by their soft hyaline epidermis, 
and the complete absence of any reproductive organs. There are 
nymphs which ought to become males, and others which should become 
females ; and this, which is the most frequent arrangement, may be 
spoken of as the normal series. In  addition, there are individuals 
which cannot be produced by the adults or the higher forms of the 
series, but they are derived from two distinct groups, which, like the 
adults, are of the ordinary, or of the extraordinary series. On the 
other hand, the higher forms may be derived by metamorphosis from 
lower forms of the extraordinary series. Thus G. tardus produces a 
special larva from which, by rapid metamorphosis, there is developed 
a larger, octopod nymph. During the whole of its development this 
form is octopod and asexual; it moults as it grows, but does not 
seriously alter in form ; at the later moults a slight difference may 
be detected between the future males and females, but there are no 
traces of any secondary sexual characters. 

A detailed account is given of the metamorphosis of G. tardus, 

Ser. ~.--VOL. 1J.I. P 
* Arch. Ital. Biol., ii. (1882) pp. 108-29 (1 pl.). 
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8. coboptratorurn, G. stabularis, and Trachynotus inerrnis; in the last 
of these paedogenesis is especially well marked. 

Trombidium fuliginosum.*-H. Henking, after stating his belief 
that Pagenstecher, in his well-known monograph, was dealing with 
this Rpecies, and not with T. holosericeum, describes the saccular glands 
in the last joints of the legs which afford a secretion which appears 
to enable the animal to move on upright smooth surfaces. After 
describing the tracheal system and the air-chambers connected there- 
with, the structure of the sucking apparatus, and the bi-lobed nature 
of the “ liver-stomach ” are pointed out, and the presence of large club- 
shaped cells in the walls of the latter described; some of these, in 
addition to their granulated protoplasm, have a more or less large 
number of dark granules, which are most numerous at the free end ; 
a@ they increase, the tip of the cell becomes sharply separated off from 
the clearer part of the cell, undergoes constriction, and becomes com- 
pletely distinct, falling into the cavity of the stomach. Around this 
organ the cells of the fat-body are regularly arranged. 

In  the nymph and in the prosopon we find in the middle line and in 
the anterior dorsal region, close to the eyes, a chitinous structure 
containing three spaces; these are the protective chambers of (L 

sensory organ. The structure of these parts is described, but no 
opinion is offered as to their function. The legs are provided with 
tactile setae, which are especially well developed in their terminal 
joints, and are connected with a large tactile ganglion; a tactile 
ganglion is also found in the terminal joint of the maxillary palp. 

The author is of opinion that Pagenstecher has mistaken the sexes, 
and that what he took for males are females, and the females males. 
The spermatozoa are oval, plano-convex bodies, without any tail, and 
appear to move by means of a membrane. The structure of the male 
organs is described, attention being directed to the complicated 
chitinous penis, and the vacuolated cylindrical cells found in the tube 
which opens at the root of that organ. 

A new nomenclature is suggested for the various stages of the 
complicated life-history of these forms ; the egg-like stage from 
which the nymph is developed, is called the nymphochrysnlis, that 
from which the perfect animal is formed the teleiochrysalis ; the egg- 
membrane, called by ClaparMe the “ Zwischenhaut,” is denominated 
the “ apoderma.” When this last appears, the Acarus passes into the 
Schadonophan-stage (UXU%V = larva), the nymphophan-stage, or the 
teleiophnn-stage. When the apoderma disappears the separate forms 
become respectively larva, nymph, or prosopon (adult). It may be con- 
venient to give the diagram by which the author illustrates these stages. 

1. 

2. 

3. 

Quiescent Stages. Free-living Stages. 
Schadonophan-stage. % 2 Larva. 

* Zeitscbr. f. Wiss. Zool., xxxvii. (1882) pp. 553-663 (3 pls.). 
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The history of development is then dealt with in considerable 
detail, and we find in the larva that the mouth-parts and the digestive 
apparatus are very similar to those of the adult, that there are two 
pairs of salivary glands, a paired rudiment of the genital organs, and 
in addition to the paired double eye, sensory set= on the legs, and a 
double pair of sete between the eyes. The six-footed larva passes by 
a metamorphosis into a second free-living asexual form, the nymph, 
and this into the sexually mature prosopon. The larva may live for 
a long time in water, and ova may there undergo their normal de- 
velopment. The nymph and prosopon are casnivorous, living chiefly 
on Aphides ; in seizing their food they make use of their chelicere 
and maxillary palps. 

8. Orustacea. 

Ecdysis of Apodemes in Cmstacea.*-F. Mocquard, attracted by 
the recent statement of Vitzen that the apodemes, with some other 
parts, preserve their ordinary relations on the ecdysis of the lobster, 
notes that he has observed in the exuviation of the spiny lobster, 
that the arcades formed by the mesophragms, and the longitudinal 
branches connected with them are broken, just as much as are also 
the endothoracio arcades and the paraphragmal pieces of the en- 
dosternites. In other words, all the connections between the meso- 
phragrns of the two sides, or of the same side, as well as of the 
paraphragmal and internal branches, are destroyed at the moment of 
ecdysis ; and this destruction is prepared for by a decalcification and 
softening of these parts. 

In the lobster, where the arrangements are a little different, we 
find likewise a division of the mesophragms along the middle line, 
and the separation of the branches of the endopleurites from those of 
the endosternites. Similar solutions of continuity may probably be 
detected in the apodemes of the Brachyura. 

Blind Copepod of the Family Harpacticidse. t-The interest now 
centering upon those animals which, through peculiarities in their 
habit&, have dispensed with important organs, warrants, Mr. C. L. 
Herrick thinks, the mention of a case of the disappearance of the eyes 
in an order of Crustacea in which it has not been hitherto noticed, so 
far as he knows. 

While collecting marine Copepoda in the Gulf of Mexico, a 
gathering was taken from a very slightly saline marsh, a ditch passing 
through the marsh affording the only water of sufficient depth in 
which to use the net. This ditch, about 18 in. in breadth, but of 
very moderate depth, extends continuously for some distance, and was 
so shaded by high salt sedge-grass as not to be found save by accident. 
The gathering proved to contain a new species of the sub-family 
Longipediins, and closely allied to the genus Bradya established by 
Boeck in 1872 for a marine copepod dredged in rather deep waters 
about Northern Europe. 

The American species, which has been named Bradya limicola in 
* Comptes Rendus, xcvi. (1883) pp. 2Oi-5. 
t Amer. Natural., xvii. (1883) p. 206. 

P:! 
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allusion to its muddy habitat, was found to lack in both sexes the 
pigmented eyes which in other Harpacticidre are so conspicuous 
in the centre of the forehead or on either side. I t  is to be regretted 
that lack of opportunity to repeatedly collect this interesting species, 
and to endeavour to ascertain if truly pelagic species also inhabit 
American waters, robs this discovery of much of its interest. 

Vermes. 
Mode of Application of the Suckers of the Leech.*-G. Carlet 

has investigated this somewhat difficult matter by the use of the 
graphic method. He  finds that, if a leech be placed on a sheet of 
smoked paper, it progresses by the alternate fixation of the anterior 
and posterior suckers. That of the hinder one is made very simply 
and rapidly ; the circumference being first applied, and then the 
central portion. That of the anterior is more complicated and less 
rapid; the leech commences by exploring the place to which it is 
going to fix itself, with the two sides of its upper l ip ; the anterior 
portion of the upper lip is then lowered, and then the lower lip is 
applied to the surface. The pharynx begins to be lowered, and the 
triangular contour of the sucker gradually becomes circular. The 
sucker then touches the paper in its centre. From these observations 
it would follow that, instead of beginning to fix itself by the centre of 
ita sucker, and then depressing the edges, as has been generally 
believed, it is the edges which are first applied, and the centre which 
is last. When the leech detaches itself the edges are first raised, 
and then the centre. 

Spermatogenesis in the Nemertinea.t-A. Sabatier finds that in 
the Nemertinea the seminal sacs give rise to spermatospores or 
6‘ male ovules,’’ composed of a mass of finely-granular protoplasm, in 
which a nucleus may or may not be apparent. The central portion 
of the protoplasm tends to atrophy, while the peripheral portion 
separates from it, tends t o  become independent, and to form spherules 
which become attached to the internal wall of the sac. The central 
portion is called the protoblastophore, and the peripheral spherules 
the protospermoblasts. In  the peripheral or superficial layer of these 
last there arise, endogenously, numerous granulations, which are 
larger than the primitive granulations of the protoplasm. The 
appearance of these is to be correlated with the division of the peri- 
pheral protoplasm into small regions, which constitute the deuto- 
spermoblasts ; and of these the central granulation and the protoplasm 
elongate to form the spermatozoa. The central portion of the proto- 
spermoblasts adheres to the wall of the sac, and gradually undergoes 
atrophy and disappears ; it is the deutoblastophore. Attention is 
directed to the exact and complete parallelism which there is between 
the spermatogenesis of Nemertines and Annelids ; although in the 
former we observe certain peculiarities which teach us the sig- 
nificance of the nucleus and of the protoplasm. It is the peripheral 
portion alone which becomes converted into the spermatozoon ; the 

* Comptes Rendus, xcvi. (1883) pp. 448-9. 
t Rev. Soi. Nat., ii. (1882) pp. 165-81 (3 pls.). 
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nucleus, where it exists, and the central portion undergo atrophy. I t  
is possible, therefore, that we may be able to distinguish in every 
cellular element an antagonism or dilference in polarity between the 
central and peripheral portions. These polarities are sexual in 
character, the central corresponding to the female, and the peripheral 
to the male. The two polarities have an attraction for one another. 
Every cell in which they are maintained in equilibrium is a neuter- 
cell; it is a complete element, in which nothing is wanting, and 
which is capable of reproducing itself without any external influence, 
provided only that it be young enough and have sufficient nutriment. 
Every cell in which the equilibrium is destroyed becomes a sexual 
cell, with a predominant polarity ; and this result may be due to a 
modification in its nutrition and development. We see therefore that 
every cell which loses its central element becomes a male, and every 
one in which the central portion is predominant becomes a female 
cell. Further evidence in support of these propositions is promised. 

Pilidium-Stage of a I?emertine.*-Nr. E. B. Wilson describes 
the Pilidium stage of a nemertine. I t  is helmet-shaped, with the 
convex side more elevated than usual, and crowned by a small 
flagellum. The anterior margin of the bell is produced into four 
short arms, behind which is a deep sinus, followed by two arms on 
each side, the anterior largest of all. The bell is transparent, its 
walls and lobes very contractile, and its outer and inner surfaces 
covered with cilia, which are longest on the margins of the lateral 
lobes. The young nemertines are developed in a folded position, 
within the lower and posterior part of the larval envelope, and are 
distinctly segmented posteriorly. 

Tseniadae Parasitic i n  Birds.t-H. Erabbe has notes on 42 
species, of which 16 are new. A few synonyms are indicated, 
and a list, arranged according to the systematic classification of birds, 
is given of the forms herein described. 

DicyemidEe.1-C. 0. Whitman closely criticizes (and denies) the 
accuracy of E. van Beneden’s statements that each Cephalopod has a 
single species of Dicyema, and that the species found in cloRely allied 
Cephalopoda are much more nearly related than those found in species 
belonging to the different families. He sets himself to show that 
“one species of Dicyema occurs in at least two different species of 
Cephalopod, while another is found in at least three different Cepha- 
lopods”; that in Eledone moschata and Sepia oflcinalis there are in 
each two species of Dicyema; and that of these two (one in each 
species) differ less from one another than from the species with which 
they are respectively associated. He proposes to distinguish the 
Dicyemids by the number of “ polar cells,” or cells in the head, and 
to speak of that in which there are eight cells as Dicyema, and that 
in which there are nine as Dicyemmennea. It will be remembered 
that van Beneden made four genera. Systematic descriptions of 

* Amer. Natural., xvii. (1883) pp. 94-5. 
t Vid. selsk. Skrift., i. (1882) pp. 349-66 (2 pls.). 
t MT. 2001. Stat. Neapel, iv. (1882) pp. 1-89 (5 pls.). 
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these, of which there are seven in the first, and three in the second 
genus follow ; and then succeeds a chapter on Reproduction, in which 
the author affirms his belief that the now well-known Rhombogen 
and Nematogen forms are “ two consecutive phases in the same in- 
dividual cycle of life.” The evidence in favour of this doctrine is, 
however, of necessity, indirect; and it is therefore given in detail. 
The first doubt as to the accuracy of van Beneden’s distinction was 
raised by the discovery of the fact that, in some cases, representatives 
of only one class were to be seen in a given Cephalopod. Further, it 
was found that both forms arise from vermiform embryos, which, so 
far as one can predict, may give rise to either one or the other. 

The rhombogenic mode of reproduction alone gives rise to a 
plurinucleated axial cell ; the two kinds of embryos produced by 
diphygenic individuals arise from two distinct kinds of germ-cells, 
both of which originate, in succession, in the Infusorigen. First, we 
have those which are destined to form infusoriform embryos; the 
remaining cells give rise to vermiform embryos, by multiplication by 
division. Like preceding observers, Mr. Whitman has failed to detect 
any fecundation. 

In dealing with the systematic position of the Dicyemida, tho 
author cites those authorities who regard them as being degraded 
Worms ; and, discussing the evidence of Julin, states his conviction 
that that author has demonstrated the existence of a veritable meso- 
derm ; the two intermediate cells derived from the two poles of the 
endodermic cell are really mesodermic, and their presence justifies us 
in asserting that there is a “transient triploblastic stage ” in tho 
Dicyemida. Further evidence in support of the view that these forms 
should not form the basis of a group of Mesozoa, is to be found in tho 
fact that they are all parasites. ‘‘ When we find an animal in the form 
of a simple sac, filled with reproductive elements, secured by position 
against enemies, supplied with food in abundance, and combining 
parasitism with immobility, we have strong reasons for believing 
that the simplicity of its structure is more or less the result of the 
luxurious conditions of life which it enjoys, even if its development 
furnishes no positive evidence of degradation.” The Dicyemids 
would appear, then, to be Platyhelminths degraded by parasitism, 
but whether descended from Dinophilus, or the Trematoda, furthei. 
investigations must decide. 

It is of interest to observe that there appears to be a striking 
correspondence between the age of the host, and the reproductive 
phenomena of the parasite. Nematogenic individuals are commonly, 
and sometimes exclusively, the guests of young Cephalopods ; while in 
older forms of these Molluscs the rhombogenic is the predominant or 
sole representative. 

Rotifera without Rotary Organs.-The most striking charnc- 
teristic of the Rotifera is the possession of rotary disks ; yet it appears 
that species exist that have all other characters of the class, but are 
devoid of vibratile cilia. The first to notice this was Dujardin, who, 
in 1841, gave the name of Lindia torulosa to his discovery. Gosse, 
in 1851, described a form (Taphrocampa annulosa) with similar 
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characters. Doubt was thrown upon these observations, but Dr. J. 
Leidy has recently * added to the list of non-ciliated rotifers, and 
brought together the scattered information upon the subject. In  
1857,t Dr. Leidy described a rotifer-like creature quite different from 
those before mentioned, and having a large protractile pouch or cap 
in lieu of the usual rotary disks. This he named Dictyophora vorax. 
Still another species (Apsilus Zentiformis) was described by Meczni- 
chow in 1866 ; and another (Balatro calvus), parasitic upon worms, was 
observed by ClaparAde in 1867. I n  1882 Mr. S. A. Forbes described 
a form which Dr. Leidy suspects to be identical with Dictyophora vorax. 

The last discovery of Dr. Leidy is a rotifer in which a sort of 
head, in the form of a cup prolonged at the mouth into an incurved 
beak, takes the place of the rotary disk of ordinary rotifers. This 
creature, which is named Acyclus inquietus, was found occupying a 
central position among a group of the rotifer Megalotrocha alba, both 
parasitic upon a Plumtella.  This species is considered by Dr. Hudson, 
ante, p. 161. 

Echinodermata. 
Supposed Coral-eating Habits of Holothurians.$--RTr. W. S. 

Kent, from a study of Cucurnaris communis and C. pentactes, is able 
to say that the Holothurians do not subsist on living coral. The 
oral tentacula in both these species are largely developed, taking the 
form of ten extensively ramifying pedunculate plumose or dendriform 
tufts, stationed at equal distances around the oral opening. It is 
with these organs that the food substances are seized and conveyed to 
the alimentary system, though in a manner totally distinct from what 
obtains in other tentaculiferous animals, such as a sea-anemone, 
tubicolous annelid, or cuttle-fish. When on the full feed, it was 
observed indeed that the tentacles of the Holothurian were in constant 
motion, each separate dentritic plume in turn, after a brief extension, 
being distally inverted and thrust bodily near to its base into the 
cavity of the pharynx, bearing along with it such fragments of sand 
and shelly matter as it had succeeded in laying hold of. No con- 
secutive order was followed in the inversion of the separate tentacles, 
that which at the moment had secured the most appetizing morsel 
gaining seemingly the earliest entrke. But little time was lost 
in this feeding process, for no sooner was one tentacle everted than 
another was thrust into the gullet, and so the meal continued, as not 
unfrequently observed, for several hours together. To furnish a fitting 
simile for this anomalous phenomenon of ingestion, one might imagine 
a child provided with ten arms, after the manner of ancient Buddha, 
grasping its food with every hand, and thrusting it in a quick and 
continuous stream down its throat, the hands and arms with every 
successive mouthful not stopping at the mouth but disappearing up to 
or above the elbow within the visceral cavity. 

. 

* Proc. Acad. Nat. Sci. Philad., 1882, pp. 243-50 (1 pl.). Amer. Natural., 

t Proc. Acad. Nat. Sci. Philad., 1857, p. 204. 
$ Nature, xxvii. (18S3) .p 433. 

xvii. (1883) pp. 212-3. 
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That the Holothurians are not devourers of living corals is shown 
not only in connection with the data just recorded, but from the fact 
also that several of these animals were kept in  a tank containing sea- 
anemones and corals (Balanophyllia verrucosa) without their inter- 
fering with them in any way, or manifesting alimentative functions 
other than those just described. All that they require for their 
nutrition is evidently derived from the coral or shell debris with 
which they are customarily associated. At first sight this material 
would appear to be in the last degree adapted for the sustenance of 
such highly-organized animals, but, as may be confirmed at any time 
by the investigation of like conditions in aquaria, it will  be found 
that shell-sand, gravel, and all other debris forming the superficial 
layer at the bottom of the water, when exposed to the light, are more 
or less completely invested with a thin pellicle of infusoria, diatoms, 
and other microscopic animal and vegetable growths. It is upon 
these minute organisms that the Holothurians feed, swallowing both 
them and the shelly or other matter upon which they grow. 

Stalked Crinoids.*-P. H. Carpenter has a preliminary notice of 
the stalked Crinoids of the Caribbean Sea, in which he has notes on 
some old species, and on others either new or only briefly described 
by Sir W. Thomson. Some observations on H o l o p s  are mentioned, 
and it is stated that the supposition that the tissues of this form are 
very imperfectly differentiated was found to be incorrect. The ovaries 
closely resemble in structure those of Antedon eschrichti. 

New Deep-sea Stalked Crin0id.t - Prof. E. Perrier describes 
the fifteenth stalked Crinoid known to be now living-Dernocrinus 
parfaiti. This is distinguished by the calyx, which is formed of five 
long basals, separated by a circular groove from the five rudimen- 
tary radials ; these are surmounted by five pre-axillary radials, 
with which are connected five arms, which, as in Rhizocrinus and 
Hyocrinus, are simple. Of all living fixed Crinoids, Democrinus has a 
shorter transverse calycal axis, in relation to the diameter of the stalk, 
than any other known form. This fact suggests that the stalk or 
peduncle is an essential and important element in the determination 
of the typical Echinoderm. I n  one example it was noted that the 
stalk had two sets of roots, and thereby gave some indications of a 
second stalk with a second calyx. I f  this view should be shown to be 
correct, we should here have an example of a colonial or branched 
Echinoderm. The author refers to the parallel he has drawn between 
the Echinodermata and the Ccelenterata ; and reminds us that the 
greater number of primitive Echinoderms were fixed ; although, as 
might be expected, they are, like the Ccelenterata, radially symmetri- 
cal, we have yet no example of arborescent forms. Democrinus 
appears to diminish this distinction ; for, even if they did not live 
in colonies, they show that the arborescent arrangement may obtain 
in Echinoderms, as well as in Ccelenterates. 

* Bull. Mus. Comp. Zool. Cambridge, x. (1882) pp. 165-81. 
t Comptes Rendus, xcvi. (1883) pp. 450-2. 
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Asterid from Great Depths. *-E. Perrier describes under the 
name of Caulaster pedzcnculatus a remarkable starfish, taken by the 
6 Trlvailleur,’ which is provided with a dorsal peduncle, altogether 
comparable, in position, to the stalk of young Comatula, and of adult 
fixed Crinoids. It is pointed out that while the Crinoids [Pelmatozoa 
of Leuckart] are always fixed for some period of their lives, it is 
interesting to find that, among the non-stalked forms, the apparently 
oldest class may sometimes present a similar arrangement. The two 
specimens were of unequal size, and the largest had a greater radius 
of only 5 mm.; in both, the apex of the interbrachial arc is occu- 
pied by a sort of cleft, provided with papilla, and separating the 
marginal plates o f  the adjacent arms; the clefts are prolonged on to 
the dorsal side of the disk, where they have a double row of spines, 
which converge towards the base of the dorsal appendage. 

The marginal plates are not very evident, and are, as in Ctenodiscus, 
arranged in only a single row ; there are five of them to each arm. 
The tubercular madreporic plate is placed in one of the interbrachial 
clefts. The ambulacral tubes have no suckers, and are arranged in 
two rows, but there are only eleven pairs of them. The  dentary 
plates are simple scales, which fuse at their free extremity, and are 
prolonged into a kind of conical unpaired tooth. The dorsal integu- 
ment is soft, and seems to be without plates of any kind. The dorsal 
appendage, which is 2 mm. long, is cylindrical, flexible, and granu- 
lated on its surface. In  the younger of the two specimens we find 
at its base four large calcareous plates, arranged in cruciform fashion, 
and each bearing a small spine ; a fifth plate, which is opposite to 
the madreporite, clearly belongs to the same cycle. Five other and 
smaller plates are set in the free angles formed by the first five. The 
resemblance between these and the ten plates which form the peri- 
proct in the Echinoidea, and those which make up the calyx in the 
Crinoids is, clearly, very striking. In addition to this, it  may be ob- 
served that the young of Leptychaster, discovered by the ‘ Challenger,’ 
which are developed in a marsupial pouch, are attached to its walls 
by the centre of their dorsal surface. On the other hand, the 
rosette of plates is an embryonic character, and this is in agreement 
with the view that the Asteroidea are derived from the Crinoidea. 
Young Asterids and young Brisingce have dorsal plates which, as is 
now well known, are arranged like those of the calyx of Crinoids ; 
those of the first row, which become converted into the odontophores, 
cannot be made out in Caulaster. The new form is evidently near 
Ctenodiscus, which has a slight dorsal tubercle, perhaps homologous 
with the appendage of Caulaster. 

Ccelenterata. 
Cyclical Development and Relationships of the Siphonophora t 

-Dr. Carl Chun finds that in the cyclical development of the species 
called by him Monophyes primordialis there are five stages : 1. Planula. 

Ann. nud k h g .  Nnt. 
* Cmnptes Rendus, xcv. (1882) pp. 1379-81. 
t SB. K. Prcus. Akad. Wiss., 1882, pp. 11.55-72 (1 PI.). 

Hist., xi. (18h3) pp. 155-69. 
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2. Embryo with the bud-rudiments of the nectocalyx and tentacle. 
3. M. primordialis. 4. Muggioea kochii, and 5. Eudoxia eschscholtzii. 
This cyclical development appears to the author to have a close 
relation to locomotion. 

Where numerous energetically acting nectocalyces occur, as 
among the Polyphyidre (E+popodius) and Physophoridre, the sexual 
animals remain sessile and often degenerate into medusoid gemmre. 
Where only one (Monophyidre) or two nectocalyces (Diphyidre) pro- 
duced a comparatively feeble locomotion, the diffusion of the species 
is provided for by the remarkable process of Eudoxia-formation. 
Nay, it may happen, as shown in the case of Monophyes primor- 
dialis, that the first nectocalyx is replaced by a second hetero- 
morphous one, which is better fitted to carry along the long trailing 
stem with the Eudozia-clusters. From the primitive organization of 
this Monophyes the life-history of the species therefore appears to be 
spread over three generations, proceeding one from the other. 
Lastly, if, as in the most highly organized Siphonophora the Pneu- 
matophoridre and Discoidre, the locomotive organs are wanting, the 
locomotion takes place only passively, the diffusion of the species is 
rendered possible by the sexual animals being rendered motile. This 
is an alternation of generations that intervenes, as an element of poly- 
morphism, in the course of development of the Siphonophora, and 
indeed of their highest representatives, in this fashion, that on a 
polymorphic nurse-generation anthomedusre are produced by gem- 
mation, either females alone (Pneumatophoridre), or males and females 
(Discoid%), which only attain sexual maturity after their separation. 

Coelenterata of the Southern Seas.*-R. v. Lendenfeld gives an 
elaborate account of Cyanea annaskala, a new species very abundant 
on the southern shores of Australia ; in a careful table the differences 
of the several species of the genus are pointed out, the relation of the 
breadth of the umbrella to its cavity, and of the former to the breadth 
of the central stomach, the form of the ephyral lobes, the colour of 
the umbrella, of the genital organs, and of the " mouth-arms," and 
the diameter of the umbrella, being the points that are taken for 
comparison. 

Histological examination shows that but few kinds of cells take part 
in the formation of the animal ; not to speak of the great agreement 
presented by different tracts of the ectoderm, we may note the equal 
distribution of glandular and flagellated cells in the gastro-vascular 
cavity. All the sensory cells appear to have the same structure; 
more striking differences are to be detected between the various 
ganglionic cells, but this may be largely due to a want of complete 
information regarding them. 

In addition to the rare, exumbral, palingenetic, epithelio-muscular 
cells there are also transversely striated sub-epithelial, and smooth 
intra-epithelial muscle-cells. The greatest differences appear to be 
presented by the structures which are known as supporting or covering 
cells, for these may be ciliated or not ciliated, flat or cylindrical, 

* Zeitschr. f. Wise. Zool., xxxvii. (1882) pp. 465-553 (7 pls.). 
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regular or irregular, and their protoplasmic contents may likewise 
vary. In  the ectoderm the stinging-cells lie between epithelial cells, 
while in the endoderm they are found in them. On the other hand, 
the glandular cells seem to be of the same kind, whether found in 
the ectoderm or endoderm. The fibrils in the gelatinous layer have 
two forms ; nervous elements may be wanting or be but feebly repre- 
sented ; the nerve-fibres with nuclei appear to be, in the adult, almost 
completely confined to  the boundary between the superjicial and sub- 
epithelium, or between the epithelium and gelatinous layer. The 
endodermal ciliated cells, which have the same structure throughout 
the stomach, vessels, and inner side of the mouth-arms, are, on the 
genital organs, differentiated into flattened or high cylindrical 
elements, from which the genital products are derived. 

I n  dealing with the sensory cells, the author directs attention to 
processes given off from their centripetal ends, which are of some con- 
siderable thickness, and which give off at their ends fine fibrils, which 
may be followed for a considerable distance ; these are looked upon 
as nerve-fibrils, and it is stated that in several casea a connection has 
been observed between a sensory and a sub-epithelial ganglionic cell, 
by means of such a fibre. 

The sensory cells here mentioned resemble those figured by Eimer 
and the Hertwigs, but are distinguished by the greater length of their 
tactile setae. Similarly, a direct connection has been observed 
between some of the stinging-cells and ganglion-cells, and it is believed 
that such a connection always obtains. Unlike Cyanea capillata, 
C. annaskala has transverse folds developed on its " olfactory groove " ; 
there are ordinarily five or six of these, and they are not very high ; 
but it is more probable that we have here to do with a gustatory than 
with an olfactory organ. Tufts of radiating fibres may be detected 
passing centripetally from the marginal bodies, which, gradually 
becoming more delicate, extend to the region of the circular muscle ; 
here they branch frequently, and form numerous anastomoses. I n  the 
young they and their ganglion-cells lie in the epithelial, but in the 
adult they are found in the sub-epithelial layer. The nerve-fibres 
appear to have no sheaths. The motor ganglionic cells are distin- 
guished from those of the marginal bodies by their form, for instead 
of being hemispherical they are stellate ; nor do they appear to have 
that striation of the protoplasm which is to be noted in the others. 

All the muscular fibrils which were noticed belonged to the 
ectoderm j the smooth fibres are always radially arranged, while of 
the others we  may note an unbroken circular muscle, and 16 radial 
lobe muscles. Like all the members of the genus, C. annaskala is 
beautifully coloured, and the males may be distinguished from the 
yellowish-brown females by the rosy colour of their genital glands. 

Observations on Hydra?.*-W. Marshall commences by stating 
his belief that the green colour of Hydra viridis is not due to a 
symbiotic process, but is a property of the polyp, and in this he  
agrees with Prof. Ray Lankester ; of this species there appear to be 

* Zeitschr. f. Wiss. Zool., xxxvii. (1882) pp. 664-702 (1 pl.). 



220 SUMMARY OF CURRENT RESEARCBES RELATING TO 

several geographical races, as the forms mentioned by Baker, 
Trembly, Rosel, Pallas, and Schiiffer, differ a good deal in size, and in 
the proportionate length of the arms. 

The young forms, just set free from their parent, have a re- 
markable power of movement in the ectoderm ; this periodically 
thickens into tubercles which are best developed in two circular 
regions, but the number of tubercles is not constant. They may 
gradually disappear, the hinder ones completely, and the anterior 
often give rise to a mammaform papilla, which may become greatly 
elongated and forked at the tip; a little later some of their cells 
become converted into spermatozoa, canals being given off from the 
central space protruded by the body-cavity, in which these elements 
are developed. Still later, the hinder tubercles again become de- 
veloped, either into buds (spring and summer), or ova (autumn). The 
author is unable to explain why the male elements appear so much 
earlier. 

It would seem that the buds of Hydra were not at first developed 
in the interest of the species, but that they were merely blind sacs of 
the body-cavity, which in time became provided with a mouth and 
tentacles, and were rendered capable of leading a free existence. In 
an examination of the causes of this phenomenon we have firstly to 
note that when a Hydra is receiving more nourishment than it needs 
it can only increase in extent by a system of folds, in other words, 
diverticula are developed. Were these buds developed irregularly on 
the anterior half of the body, the contractile power of the polyp 
would no doubt be affected. But these considerations do not explain 
why the buds get mouths ; the explanation of which may possibly be 
that the body becoming too large, or the supply of food diminishing, 
the parent animal would no longer be in a position to feed the buds, 
which therefore, must develope the organs of independent nutrition, 
and finally themselves break away and become independent of their 
parents. And it is at any rate certain that, under experimental con- 
ditions, the buds do break off earlier if the whole organism is subjected 
to less favourable conditions of existence. 

A review and comparative account of the Hydroida leads to the 
belief that in Hydra we have to do with a form which has been partly 
degraded and certainly modified in adaptation to its fresh-water 
habitat. 

Development of Renilla,.*-The need of further studies on the 
embryology of polyps in general is apparent to every zoologist ; and 
Renilla, as a highly specialized form, presents a number of special 
morphological problems, which can only be solved by a study of the 
embryological history of the organism. Mr. E. B. Wilson therefore 
selected the genus as a doubly desirable object for investigation, and 
now publishes his results. 

The first comprises an 
account of the segmentation of the egg and formation of the germ- 
layers ; the second a description of the formation of the tissues and 

* Proc. Roy. Soc., xxxiv. (1882) pp. 384-8. 

The paper is divided into four parts. 
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organs of the primary or axial polyp; the third part treats of the 
formation of the colony produced by budding from the axial polyp ; 
and the fourth deals with a few theoretical questions suggested by 
the phenomena observed. The leading points of the paper as now 
published are abstracted in 22 sections. 

Scotch Pennatulida.*-Professor Milnes Warshall and Mr. W. P. 
Marshall give an important and interesting account of the Pennatulida 
collected in the Oban Dredging Excursion of the Birmingham Natural 
History and Microscopical Society ; Funiculina quadrangularis, Pen- 
natula phosphhorea, and Virgularia mirabilis were the three forms 
collected. 

The very primitive nature of the first of these is indicated by the 
irregular arrangement of the polyps, their independent insertion into 
the rachis, and in the comparatively slight difference between the 
polyps and the zooids, as well as by the shortness of the stalk, or part 
of the colony devoid of polyps. In Pennatula, we have the polyps 
fused into leaves, and there is a considerable difference in the size of 
their constituent parts, as well as great anatomical differences between 
the polyps and the zooids ; the stalk is, also, relatively much longer. 
VirguZaria is shown to be the most modified by the restriction of the 
reproductive organs to imperfectly developed polyps, and, in addition 
to these points, by the presence of the so-called radial vessels which are 
absent from the other two forms. 

A very curious discovery has been made with regard to Virgularia : 
with but one exception, all the known specimens of Virgularia are 
mutilated, the lower end being generally and the upper always want- 
ing ; as a hypothesis, the authors some time ago suggested that the 
tips were bitten off by some marine animals, probably fish. Since then, 
they have (through Mr. R. D. Darbishire) been able to examine the 
contents of a stomach of a haddock, which consisted of five fragments 
of 7. mirabi2is j and of these, three were “ actual perfect upper-ends ” ; 
as a possible explanation of this mutilation it is suggested that the 
apparent absence of stinging-cells from this species is not only apparent 
but real, so that the fish are enabled to bite at them with impunity. 
As the specimens examined were not in a thoroughly satisfactory 
condition for histological study, the question must be examined again 
with more satisfactory specimens. 

The evidence afforded by the dredging leads to the supposition, 
already suggested by Richiardi and Eolliker, that Funiculina forbesi, 
the supposed British species, is only the immature form of F. quad- 
rangularis, which is well known from the Mediterranean. The most 
complete example from Oban is only 39 inches long, but at Hamburg 
there is a stem 89 inches in length. 

Protozoa. 

Biitschli’s Protozoa.-Parts 14-16 of this work have been issued, 
and are devoted to the Gregarinida ; the plates, however (XX1.- 
XXVIII.), are still illustrative of the Radiolaria. With regard to 

* Svo, Birmingham, 1883, 81 pp. (4 pls.). 
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the interesting question of contractile fibrils, it is pointed out that in 
addition to those in the ectoplasm, first seen by van Beneden, there is a 
fibrillation between the ecto- and endoplasm (A. Stuart). The question 
of the mode of reproduction of the free Gregarines (i. e. of thosc not 
parasitic within cells) is discussed at great length, under the following 
heads: (1) Conjugation; (2) Encystation; (3) Form of the cysts, 
and characters of their envelope, in which is included a note on what 
Schneider has called Pseudo-conjugation ; (4) Sporulation ; ( 5 )  
Further development and structure of the ripe spores ; (6) Develop- 
ment of the contents of the spores ; (7) Development of Gregarines 
from spores. 

The Sporozoa are divisible into the Gregarinida (S. Str.), Coccidia 
(oviform Psorosperms), Myxosporidia (Fish-psorosperms), and Sarco- 
sporidia (parasitic tubes). 

Observations on Protozoa.*-A. Gruber commences by describing 
some new forms ; of these Pachymyaa hystriz is a rhizopod of peculiar 
organization, the larger specimens of which appear to the unaided eye 
as small white granules; this body is surrounded by an envelope 
which consists of closely-applied fine rods, set nearly a t  right angles to 
the surface ; destroyed by chromic acid and unaltered by osmic acid 
their chemical composition still remains unknown. At any rate, they 
are not foreign bodies, but secretions or products of the protoplasm. 
Between the rods pores may be made out, and through these the pseudo- 
podia may be protruded ; in form these are not lobate, but of equal 
thickness, and of somewhat definite length ; they are never observed to 
branch, and no streaming of the protoplasm was detected in them ; nor 
do they seem to serve as locomotor but only as prehensile organs. 
The protoplasm within appeared to be excessively viscid, and the only 
structures that could possibly be regarded as nuclei were some red 
dots, which may be small nuclei ; the relation, or possible relation, of 
these to reproductive phenomena could not be studied. 

This remarkable form does not seem to be allied closely to any 
known Protozoon ; in the formation of its pseudopodia it comes nearest 
to Orbulinella; the envelope with its pores, reminds one of the perforate 
Foraminifera, while the slightness in consistency and the form of the 
pseudopodia, no less than the whole structure of the protoplasmic 
body, indicates an alliance with the amceboid Rhizopoda. 

After describing some naked masses of protoplasm found in the 
sea-water of the same aquarium, the author passes to  Ammba obtecta, 
likewise found in the small marine aquarium ; small in size, it does 
not creep about, but forms for itself a home of mucous substance, 
which hardens in water, and becomes strengthened by the addition of 
foreign bodies to its surface. Under suitable conditions, a number 
become associated together, and appear to form a colony. 

After an account of Spongomonas gutiula n. sp., which likewise 
seems to be colonial, Dr. Gruber discusses the chwacters of the genus 
Stichotricha, a form of the Hypotrichous Infusorians, which is dis- 
tinguished by the possession of a defensive envelope for its soft body. 

* Zeitschr. f. Wiss. Zool., xxxviii. (1883) pp. 45-70 (3 pls.). 
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Attention is directed to a variety which was coloured green by chloro- 
phyll-granules, and to another in which, in the place of regular, 
there were developed dendritic tubes. The stiff processes in one form 
were observed to be able to function either as cilia or as pseudopodia ; 
and the two conditions may succeed one another with great rapidity. 

The third and concluding portion of the paper deals with the 
phenomena of the fusion of several individuals of Actiaophrys Sol.* 

New Flagellate-Chlorodesmos hispida.t--hlr. F. W. Phillips 
records a new form (from pond-water at Hertford) differing so 
strikingly from all other known forms that it is necessary to institute 
a new genus for its reception, Chlorodesmos (hi~pida). 

I t  is found in colonies of about thirty eooids, grouped together in 
a chain-like manner, and possibly united by a contractile, hyaIine 
ligament of extreme delicacy. The constituent zooids each inhabit a 
closely-fitting lorica of a somewhat triangular aspect, pointed anteriorly, 
and twice the width posteriorly at the point of attachment. The lorica 
is covered with very minute spinous processes of even length. At the 
anterior extremity there is a slight indentation, in the centre of which 
is the oral aperture, which is continued into a short, distinct, tri- 
angular, pharyngeal cleft or cavity. Seen from a side view, the lorica 
has an oval aspect. The flagella are two in number and of equal 
length, issuing from the pharyngeal cleft. The endoplasm contains 
the two characteristic lateral pigment-bands ; there are no eye-spots ; 
one contractile vesicle is developed posteriorly. 

The most remarkable characteristic in connection with these colonies 
is the peculiar movements, which are of a twofold nature. The first 
consists of an elongation and corresponding retraction of the whole 
chain of zooids to about five times the retracted length. During these 
movements one end of the chain is anchored to some substance, the 
other floating freely with a worm-like motion ; these movements take 
place at the rate of about three per minute. The second movement is 
a clapper-like motion, each eooid closing upon the other, like the two 
shells of a bivalve mollusc; this motion is much quicker than the 
former, and is irregular, while the former is rhythmical. 

Owing to the awkward position of those groups seen, Mr. Phillips 
has not been able to make out clearly the nature of the supposed 
elastic integument which unites the zooids, but from a careful examina- 
tion of the movements he has but little doubt as to its existence. 

Chlorogonium euchlorum, Ehrenberg.1-J. Erassilstchik has 
studied the developmental stages and resting period of this form. The 
young produced from the resting-cells have a brick-red colour at first 
and do not usually possess a fusiform shape ; the green colour of later 
generations is darker than that of the first, and is produced by 
granules of chlorophyll. As observed by Stein and Reinhard, pul- 
sating vacuoles occur ; of these there may be as many as sixteen, quite 

* See this Journal, ii. (1882) p. 800. 
t Trans. Hertfordshire Nat. Hist. SOC. and Field Club, ii. (1882) pp. 92-4 

1: Zool. Anzeig., v. (1882) pp. 627-34. 
(1 PI.). 
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small and irregularly scattered. Reproduction takes place by succes- 
sive fission; the entire contents of the capsule divide into from four 
to thirty-two parts, according to the generation to which the indi- 
vidual belongs. The cilia persist and the movements of the individual 
are not interrupted until from fifteen to thirty minutes before the 
emergence of the young or fission-products, when the cilia disappear ; 
the maternal envelope gradually dissolves, while the young move over 
each other ; they each have a delicate investing membrane. The first 
generation divide into eight, the second into four (forming the 
macrogonidia of Cienkowski). About ten days after an infusion 
is made the results of the division into four themselves divide into 
thirty-two small individuals (microgonidia) ; both ends of the latter 
are usually pointed. There is no morphological difference between 
the macro- and micro-gonidin, for the shape of both is essentially the 
same, as is best seen by comparing microgonidia resulting from a 
division into sixteen with the fusiform macrogonidia. 

After a short free existence, the microgonidia copulate in pairs ; 
the pair are usually equal in size, but not unfrequently a large 
individual unites with a small one; contact is first effected by the 
anterior cilium-bearing ends ; the cells then apply themselves longi- 
tudinally to each other, fusing and forming a heart-shaped mass 
which in from fifteen to  thirty minutes ceases moving and has become 
a globular cell about 0.008 mm. in diameter ; the cilia then disappear, 
and the cell grows to a diameter of 0 * 013 to 0 * 015 mm., when it con- 
tains a tolerably large green amylone globule and is invested by 
a strong rigid membrane. Stein has wrongly interpreted certain twin 
gonidia as showing stages of an act of conjugation, whereas they 
are distinguishable from copulating gonidia by being united by the 
middle or posterior, not by the anterior ends, and by the consequent 
persistence of the cilia. I f  the round cells produced by copulation are 
dried and then moistened with water the contents divide into four 
pieces which form young Chlorogonia and become free. 

Chlorogonium must be removed from the Astasiaa owing to its 
want of contractility, its developmental history, and manner of 
fission. It seems referable, as Reinhard has observed, to the 
Volvocina, on the following grounds :-Its possession of an investing 
capsule, its successive divisions within the capsule, the motion by 
means of two incessantly active cilia, and the copulation resulting in 
round resting-cells. I t  seems especially allied to Polytorna by its 
incessant motion, by several details in the mode of fission, and by the 
fission first into eight and after that always (except in the last 
division) into four. 


